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In vivo, keratinocyte cytoplasmic antigens linked to 
keratinization have been traced with 2 distinct types of 
antibodies found in human sera, One type of antibody is 
specific for the basal cell compartment of keratinocytes 
while the other one is specific for upper keratinocytes. 
Using these markers, we followed a well-defined, in vitro 
human keratinocyte culture system that produces a ker-
atinizing epithelial ce ll outgrowth juxtaposed to dead 
dermal substrate for the in vitro expression of keratin-
ocyte cytoplasmic antigens. These antigens were found 
to be expressed in vitro independently from dermal in-
fluences. Their chronology, localization and topography 
in culture matched the in vivo situation. 
In vivo , cytoplasmic antigens linked to differen tiation have 
been found within keratinocytes [1 ,2]. Their ant igenic expres-
sion appears to be linked to both the stage and type of cellular 
differentiation [2,3]. Their corresponding antibodies ar e specif-
ically directed against cytoplasmic structures of the keratino-
cyte that can be la beled by indirect immunofluorescent (IIF) or 
immunoperoxidase techniques [4]. In orthokeratotic epithe-
lium, these kera tinocyte cy toplasmic antibodies (KCAs) will 
label the cytoplasm of either the basal cell layer (proliferative 
compar tment) , or the cytoplasm of the upper cell layers (ma-
tw-ing compartment), A given serum is specific for one com-
partment or the other . 
In the investigation reported here, wi th the a id of such 
markers, we have studied the ability of an in vitro, reconsti tuted 
epithelium of a well-defined culture system [5-7] to express the 
cytoplasmic antigens of differentiation and to order them ac-
cording to the same t issue topography that occurs in vivo. 
MATERIALS AND METHODS 
Sera 
Six sera containing IgG keratinocyte cytoplasmic ant ibodies were 
tested in each experiment. These se ra were obta ined from bone marrow 
transplant recipients. Their characLeristics and specificities have been 
deta iled in other reports [2,3). Three of these sera (numbers 105, 817 
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Abbrevia tions: 
B.CYT: basal cell cytoplasmic pattern 
FITC: flu orescein isothiocyanate 
IIF: indirect immunofluorescence 
KCAs: keratinocyte cytoplasmic antibodies 
KCAg.s: keratinocyt e cytoplasmic antigens 
U.CYT: upper keratinocyte cytoplasmic pattern 
and 1048) read ill vivo exclusively with cytoplasmic antigens within 
the basal ce ll layer of normal huma n epidermis [2,3] and produce a so-
called B. CYT pattern. (Fig l ,a) The other 3 sera (numbers 506, 659 
and 2134) react with cytoplasmic antigens localized within the upper 
cell layers of normal human epidermis [3,4] and produce a so-called U. 
CYT pat tern of fluorescence. [1-3,8] (Fig l,b) Previous studies have 
shown that the antigens tagged by these antibodies are different from 
stratum corneum antigens [8]. Each serum had a titer of equal to or 
greater than 100 (working dilution of each sera was 1/ 10). 
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Cultures 
We used the cul ture system developed by Freema n and co-workers 
[51, This system has been well defined and described in detail e lsewhere 
[5-7,9,10). Briefly, normal human adult skin from surgical specimens is 
obtained, ' cut into thin sheets with a Castroviejo keratotome set a t 0.3 
mm, and then divided into 2 x 2 mm squaJ'es. Four to 6 such explan ts 
were placed on commercially prepared (La boratoire Armour Montagu, 
PaJ'is) irradiated, inver ted, nonviable pig skin supported in a P etri dish 
by a steel grid , and the medium was added just to the top of the grid, 
ma intaining the specimen at a n a ir-fluid interface. ALI cultUJ'es were 
made in Eagles' minimal essential medium with 20 mM of Hepes buffer 
and supplemented with 0.1 mM of nonessential amino acids, 1 mM 
sodium pyruva te, 2 mM gluta mine, 100 ug per m] of streptomycin, 100 
ug per ml of penicillin and 10% fetal bovine serum (GIBCO) . The pH 
of the medium was 7.2. Cultures were incubated a t 37°C and the 
medium changed twice a week. As previously described [5], in this 
system, epidermal cells migrate from the explant and covel' the dead 
dermal substrate forming a stra tified, keratinizing, reconsti tuted epi-
thelium, the so-called "outgrowth. " The outgrowth consists of keratin-
ocytes and is essentia lly fTee from fibroblasts [5,10). This is due to the 
fact that human fibroblasts grow very poorly, if a t all , on pig dermis 
wh ich seems to selec t for epi thelia l growth [5,10]. It has also been 
shown that when colchicine is added to the cultures, mitot ic figures a.re 
scattered throughout the "basa l layer" of the cultures [5,7]. Therefore, 
these keratinocytes juxtaposed to the dead dermis are tru ly a "prolif-
erative compar tment." 
Indirect lnununofluorescenl Technique 
Outgrowths from each of the 2 series were removed from culture on 
days 5, 10, 22, 25, 35, 38, and 47. Specimens were snap-frozen in liquid 
nitrogen and kept a t minus 20°C. Within one week, the frozen speci-
mens were sectioned with a cryosta t microtome se t a t 4 I-' and allowed 
to air dry for 15 min a t room temperature. The sections were then 
incubated wi th experimental or cont rol sera (dilu ted 1/10 in PBS) for 
30 min at room temperature. After washing for 30 min in PBS, they 
were incubated again for 30 min with commercially prepared (Hyland 
La bora tories) fluorescein isothiocyanate (FITC) labeled goat anti-hu-
man IgG a nti -serum (specific antibody concentra tion 1.7 mg/ ml, FITC 
to protein ra tio 2.6, working dilution 1/34 to obta in 50 ug/ ml specific 
antibody). The sections were then examined and photographed wi th a 
Leitz Orthoplan microscope wi th vertical illumination for epi-illumi-
nation. The in tensity of the flu orescence of the sections was a rbitraJ'i1y 
graded on a scale from 0 to 3 independently by 2 examiners to provide 
a rough semiquant itative estimation. A t rue quantitation with serial 
dilutions of tes t sera was not done. Specimens were also ta ken on the 
same days for routine histo logy and EM exa mination and are reported 
elsewhere [7]. 
• In this study breast skin was obta ined from 2 fema le patIents, ages 
19 and 38, who underwent a mammary reduction. Their blood types 
were 0 and AB+ respectively. 
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FIG 1. a: This is a photograph of normal human adult skin stained 
by IIF with KCAs that react exclusively with the basal ceU layer. (BC 
= basal cells, UK = upper keratinocytes, D = dermis) (x 480) . b: This 
is a photograph of normal human adult skin stained by IIF with KCAs 
that react exclusively with the upper keratinocytes, leaving the basal 
cell laver unstained. (Be = basal cells, UK = upper keratinocytes, D 
= derrcis) (x 480). 
Controls 
Each experiment included: (1) incubation with the commercially 
prepared FITC conjugate a lone, (2) incubation with normal human 
serum (lnstitut Pasteur, Paris), (3) incubation with sera from patients 
with pemphigus vulgaris (titer> 100, working dilution 1/ 10), (4) incu-
bation with sera from patients with bullous pemphigoid (titer> 100, 
working dilution 1/ 10) and (5) a positive in vitro control for each test 
serum with the above IIF procedure performed on orthokeratotic, 
normal, adult, human skin. 
RESULTS 
JIF Staining of Outgrowths with KCAs 
a. Cellular Level: KCAs reacted with the antigens present 
within the cytoplasm of outgrowth cells outlining a well-defined 
black nucleus. 
b. Distribution of KCAs in the Outgrowth: In the outgrowth, 
only cells juxtaposed to the dead dermal substrate (those in the 
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"basal position") were stained with sera 105, 817, and 1048 that 
react exclusively with the basal cell layer of normal human 
epidermis (Fig 2,a) . 
When outgrowths were subjected to IIF staining with sera 
506, 659 and 2134 that react exclusively with the upper keratin-
ocyte layers of normal human epidermis, only the cytoplasm of 
upper level keratinocytes in the outgrowth were stained (Fig 
2,b). This upper keratinocyte staining was not, however, con-
sistent. In some specinlens all of the cell layers except the 
stratum corneum and basal cell layer were stained. In others, 
such as those seen on days 10 and 22 (Fig 2,c, 3) , 2 or 3 cell 
layers immediately above the basal cell layer were also left 
unstained. 
Chronology 
Figure 3 summarizes the patterns of cytoplasmic antigens 
that are expressed in the epidermal outgrowth dming culture: 
(1) antigens reacting with KCAs against the proliferative com-
partment of basal cells were found from day 5 to 35 and (2) 
antigens reacting with KCAs against the maturing compart-
ment of upper level keratinocytes were found from day 10 to 
day 35. In both series, no staining was obtained later than day 
38 in cultme. 
Controls 
The in vitro positive controls of test serum on normal human 
skin produced their respective B.CYT and U.CYT patterns as 
previously reported [2,3]. (Fig 1,a and 1,b) . 
Incubation of outgrowths with conjugate or normal human 
serum substituted for KCAs, never produced fluorescent cyto-
plasmic staining. The sera from patients with pemphigus vul-
garis, containing antibodies directed against epidermal "inter-
cellular substance" reacted with an intercellular fluorescent 
staining pattern in each outgrowth regardless of the day tested 
(Eig 4). The sera from bullous pemphigoid patients containing 
"anti-basement membrane zone" antibodies reacted with the 
outgrowth-pig dermal junction in a linear pattern as previously 
reported [11,12]. 
DISCUSSION 
In vivo, keratinocyte cytoplasmic antigens (KCAg.s) that 
appear to be linked to the stage and type of cellular differentia-
tion have been previously found in the epidermis [1-4]. Their 
corresponding antibodies (KCAs) are specifically directed 
against cytoplasmic structw·es of the keratinocyte that can be 
tagged by indirect immunofluorescent or immunoperoxidase 
techniques [4]. Unfortunately, at this time, the antigens in-
volved have not been isolated. While it is known that the 
antigens al·e nonfibrillru· [3] and are most likely soluble proteins 
[3], their precise natme is unknown. The antigens are, then, in 
part, defined by their own antibodies. In fact, the antigens 
described in the literatme may be a "family" of antigens. 
Therefore, compru·ison of results obtained with antibodies from 
different sources must be made with caution. For these reasons, 
the same sera that had previously been used and defined in 
other in vivo studies [2,3] were used in the present in vitro 
study. The sera used in this study contain specific KCAs that 
label the cytoplasm of either the basal cell layer leaving the 
upper level keratinocytes unstained (l,lUmbers 105, 817 and 
1048-Fig 1,a) or the cytoplasm of the upper keratinocyte 
layers leaving the basal cells unlabeled (numbers 506, 659, and 
2134-Fig 1,b) of normal human orthokeratotic epithelium 
[2,3]. 
Stereologic and kinetic studies have suggested that the basal 
cell population may be heterogeneous consisting of both divid-
ing and maturing cells [13]. Although KCAg.s are cleru·ly 
linked to the stage and type of keratinocyte differentiation [1-
4], they do not distinguish between any of these differences 
within the basal cell population. 
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FJG 2. a: This is a photograph of cul tured outgrowth (day 25) 
keratinocytes stained by !IF with KCAs that react exclusively with the 
basal cells of normal human skin. Likewise, only the cultuxed outgrowth 
cells in the "basal position" are stained. (Be = basa lly positioned cells, 
UK = upper keratinocytes, 0 = outgrowth, PD = pig dermis) (x 480) . 
b: This is a photograph of cultured outgrowth (day 25) keratinocytes 
stained by IIF with KCAs that react exclusively with the upper kera-
tinocyte layers of normal human skin leaving the basal cells unstained. 
Likewise, a similar pattern is seen when the outgrowth is stained. (Be 
The in 'vitro study reported here, shows that a reconstitu ted 
epithelium (outgrowth) of a well-defined, keratinizing culture 
system expresses cytoplasmic antigens capable of binding the 
same KCAs and order them in a similar tissue topography that 
occUJ:S in vivo. As in the in vivo situation, these in vitro acquired 
antigens are always observed within the cytoplasm of the out-
growth cells and are localized within the cell layers that corre-
spond to their in vivo reactivity: KCAs that react with the 
cytoplasmic antigens of the in vivo basal cell layer of normal 
human skin label the cultm ed outgrowth cells that are in a 
"basal position" juxtaposed to the dead dermal substrate, while 
the KCAs with in vivo reactivity for the upper matming kera-
tinocytes react only with those cultured cells in a "upper 
keratinocyte position" leaving the basally positioned cells un-
stained. 
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= basal cells, UK = upper keratinocytes, brohen white line designates 
the inferior pole of the basal cell layer) (x 300). c: This is a day 22 
cultured outgrowth stained by IIF with KCAs that react exclusively 
with the upper keratinocytes of normal human skin. H ere, the KCAs 
stain the upper Layers of the cuLtu.red cells as in vivo, but leave several 
"basally positioned" layers unstained rather than a single basal cell 
Layer. (Be = basal cell Layers, UK = upper kerat inocyte Layers, PD = 
degenerating pig dermis) (x 400) . 
With regards to the chronology of the in vitro antigen expres-
sion, it was smprising that the upper keratinocyte cytoplasmic 
antigens (as defined by their corresponding antisera) were first 
expressed on days 10 and 22 high in the outgrowth (Fig 2,c and 
3) leaving several lower cell layers unstained in addition to the 
basally positioned cells. It is unclear from this study why this 
phenomenon occurs. It is unlikely that the maturation of epi-
dermal cells proceeds fTom the outside in. It is more likely that 
the analogies between the differentiation of this cultme sys-
tem and the in vivo situation are not complete. Using the 
same cul ture system, Regnier, Prunieras, and Woodley [7] 
showed that the morphogenesis in culture does not follow the 
exact sam e pattern as in vivo, and that the pattern of differen-
tiation in cultmed outgrowth cells is irregular and unpredicta-
ble. It was suggested [7] that this is due to the lack, for the 
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FIG 3. Th is is a schematic bar diagram summarizing the chronology 
and topography of the cytoplasmic .anti?ens expressed in culture. 
(K CAs = keratinocyte cytoplasmIC antIbodIes, SC = stra.tum corneum, 
SB = basal cell layer. 0 = no fluorescent staining, [j] = + 1 fluorescent 
staining, 0 = +3 fluorescent staining. This "semi-quantitative method" 
is described in the text). 
FIG 4. This is a day 32 outgrowth stained by lIF with pemphigus 
antiserum (x 300) . 
most part, of organization (palisading) within the basal cell 
layer in culture when normal, adult human keratinocytes are 
used. Although areas of palisading basal cells can be seen from 
time to time is this system (unlike other culture systems) , for 
the most part, the basal cells remain unorganized . Assuming 
that upper keratinocyte KCAs detect elem ents of relatively 
mature differentiation, it may be that with this unorderly in 
vitro differentiation, the cells immediately above the " basal 
cells" have lost their proliferative compartment antigen and yet 
have not acquired (or acquired in detectable quantities) th e 
antigen associated with in vivo upper level keratinocytes. 
However, the main finding of this study is that by day 25, the 
antigens are expressed in culture, and their in vitro expression 
and topography matches the in vivo appearance, even though 
the outgrowth appears unorga nized by light a nd electron mi-
croscopy [6,7). Since in vitro morphogenesis and keratin differ-
entiation do not complete th e in vivo appearance [7], whereas 
KCAg.s do, it appears that KCAg.s in culture ar e more analo-
gous to the in vivo situation. KCAg.s may be more primitive or 
less developed markers of differentiation than eith er morpho-
logic criteria or keratin organization. 
Since terminal cultures of this system h ave not been system-
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atically studied , one can only hypoth esize why th e late cultures 
(day 38 on) do not express t h e an t igens defined by KCAs. 
Tritiated thymidine incorporation is seen in th e basal cell layers 
of th e outgrowth (7). Freeman et al [5] found that the greatest 
increase in tritiated t hymidine uptake occurs between th e 3rd 
and 5th days of culture, a nd that it con t inues to increase 
through day 16. Specimens after that day were not tested. It 
has been suggested in vitro, as in vivo, that when basal cells 
lose contact with their supporting substratum, t hey stop divid-
ing and embark upon an "irreversible program of terminal 
differentiation" [14). We noticed that after day 35, the recon-
stituted epith elium often detach ed from the markedly degen-
m·ated pig dermis leaving only a monolayer of cells or some-
times, no cells at all . Although terminal cultures h ave not been 
formally studied , it may be reasonable to hypothesize that these 
aged cultures are less viable than earlier ones and that th e 
a ntigens are no longer synthesized (or synthesized in sufficient 
quantity) to be detected by KCAs. 
Finally, this in vitro study suggests that the antigens lab eled 
by KCAs are independent from dermal influences (since th e 
dermal substrate is dead) and are directly linked to th e genetic 
potential of th e epidermal cells as has been suggested for keratin 
molecules [15). This is in accordance with th e notion that a 
reconstituted epithelium in culture is a r eflection of the original 
epi th elium from which the cultw·e is grown [16,17). 
The authors are grateful to Chantal Carreaud for her skillful tech-
nical assistance and Mru·ie-France Danjou for the preparation of the 
manuscript. 
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